The pattern of development of bronchus-associated lymphoid tissue (HALT) in specified-pathogen-free and conventional (non-barrier maintained) rats over the initial 4 weeks of life appeared to be similar. HALT first appeared around the 2nd week of life and increased in amount over the following 2 weeks. Overlying large nodules of HALT the bronchial epithelium becomes infiltrated by lymphocytes to form a Iymphoepithelium.
Summary
The pattern of development of bronchus-associated lymphoid tissue (HALT) in specified-pathogen-free and conventional (non-barrier maintained) rats over the initial 4 weeks of life appeared to be similar. HALT first appeared around the 2nd week of life and increased in amount over the following 2 weeks. Overlying large nodules of HALT the bronchial epithelium becomes infiltrated by lymphocytes to form a Iymphoepithelium.
This transformation occurs earlier in conventional rats, possibly because of the differing antigen levels to which they are exposed.
The morphology of bronchus-associated lymphoid tissue (BALT) in the rat and rabbit has been described in some detail by Beinenstock, Johnston & Perey (1973a) and by Chamberlain, Nopajaroonsri & Simon (1973) . Occasional studies during the past century or so have referred to BAL T -notably that of Klein (1875) and more recently Macklin (1955) and Brundelet (1965) . Despite these few studies, little is known of BAL T other than its structural characteristics.
BAL T is found in the rat lung, often in association with the major bronchi and lying just beneath the bronchial epithelium, which it often infiltrates to form an overlying lymphoepithelium.
It had been assumed for many years that, because the amount of lymphoid tissue in the lung is markedly increased in cases of chronic respiratory disease (CRD}--typically in cases of mycoplasma and Pasteurella pneumotropica infection (Lindsey, Baker, Overcash, Cassell & Hunt, 1971} -that BALT was present as a manifestation of a local immune response to infection. It was thus thought that in 'clean' or germ-free animals BALT would be minimal or absent. However, it has recently become clear that BALT is consistently present in rats reared under germ-free conditions (Bienenstock et al., 1973a; Lamb, 1975) , although it seems to be less well developed than in 'conventional' (i.e. non-SPF) stock. Similarly, primitive BALT follicles have been shown to develop in foetal mouse lungs, transplanted subcutaneously into syngeneic recipients (Milne, Beinenstock & Perey, 1975) and thus not exposed to antigenic stimuli.
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The present study was carried out with the object of determining at what stage BALT developed in the lungs of neonatal rats, both 'conventionally' and barrier maintained, and to relate this to the development of antibody production within the lungs of those rats.
Materials and methods
Animals CFY strain (Sprague-Dawley derived) rats were obtained from Anglia Laboratory Animals (Alconbury, Huntingdon, PE18 6ES, UK). In the first part of the study 10 adult female rats were mated and the occurrence of vaginal plugs noted in order that subsequent foetal development could be accurately dated. These rats were brought outside barriered conditions and their litters were raised in a 'conventional' laboratory environment. The resultant litters were killed, in batches of 7 rats, at ages 1,3,6,9, 14,21,28 and 42 days. 5 adult (6 month old) rats raised under the same conditions were also killed.
In the 2nd part of the study, specified-pathogen-free (SPF) animals were used. These had been reared entirely under barrier conditions. A group of rats of 1, 3, 7, 14, 28 and 56 days, and an adult group of 6 months, of age were also examined. 7 animals were killed at each age investigated.
Preparation of tissues
Each group of 7 rats was killed by an intraperitoneal injection of Q. 5 ml sodium pentobarbitone ('Expiral' 200 mg/ml; Abbot Laboratories, Queenborough, Kent, MEll 5EL, UK) and the lungs and trachea rapidly removed. The lungs of 5 rats per group were infused with 10% neutral buffered formalin, allowed to fix for a minimum of 2 weeks and embedded in wax blocks by standard techniques. Sections 5 ,urn thick were stained with Harris's haematoxylin and eosin. The lungs from the remaining 2 rats from each group were infused and fixed with 4% cacodylate-buffered glutaraldehyde at 4°C and post-fixed in osmium tetroxide.
Small pieces of peribronchial tissue were resin-embedded for subsequent ultramicrotomy.
Resin survey sections (1 ,urn thick) were prepared from the glutaraldehyde-fixed tissues prior to sectioning for electron microscopy and were stained with toluidine blue solution. Ultra-thin sections were then tional and SPF rats at the age of 14 days. However, at 28 days of age the PLI of conventional rats was significantly lower than that of SPF rats (P > 0·01), and this difference was maintained to 6 months of age (P> 0·001).
Histological findings
These findings relate equally to conventional and SPF animals, unless a specific comment is made to the contrary. For the sake of clarity, a brief outline of the postnatal development of pulmonary tissue precedes the results.
The rat lung shows 3 principal stages of development after birth-glandular, canalicular and alveolar. At birth the lung contains no alveoli or alveolar ducts, and gaseous exchange occurs in smooth-walled channels and saccules which later develop into (respectively) alveolar ducts and alveoli. The primary septae contain a double capillary network-in contrast to the single network of the adult lung septae-which are on either side of a connective-tissue skeleton.
Lung structure remains relatively unchanged during days 1-4 after birth, but between days 4 and 7 a marked restructuring of lung parenchyma occurs, consisting of the formation of alveoli by the subdivision of the primitive parenchymal air spaces by new (secondary) septae, leading to a rapid increase in lung surface area.
No respiratory bronchioles are present at birth, but they are common from approximately day 10 onwards. After day 13 there is an expansion and thinning of the alveolar septae with a transformation to the mature (adult) form with a decrease in the volume and thickness of the septae and of the air-blood barrier.
As the relative density of tissue in the lung changes 232 cut, mounted on copper grids and stained with uranyl acetate. Immunohistochemical preparations for the demonstration of antibody in tissue sections from formalinfixed tissue were stained with fluorescein isothiocyanate (FITC)-Iabelled rabbit· anti-rat immunoglobulin (Wellcome Reagents Ltd, Beckenham, Kent, BR3 3BS,UK) by the method of Burns, Hambridge & Taylor (1974) , using routine paraffin sections of lung tissue. The labelled antibody employed was directed against all classes of rat-immunoglobulin and not against any specific class.
Quantification
The amount of bronchus-associated lymphoid tissue (BAL T) present in the lungs was determined by the technique of Giddens, Whitehair & Carter (1971) , which uses a normally-distributed index of lymphoid involvement to facilitate the comparison of data for different animals and treatment groups.
Each bronchus examined in section was classified by the number of associated lymphocytes: trace 0-10 lymphocytes slight 11-50 lymphocytes moderate 51-100 lymphocytes marked > 100 lymphocytes
The assessment was carried out by light microscopy at a magnification of x 200.
The total number of bronchi in each class was multiplied by the logarithm of the median number of that class. By adding these values and dividing by the total number of classified bronchi, the logarithm of the average number of lymphocytes per bronchus (i.e. the PLI, peribronchial lymphocyte index) was obtained. The number of bronchi examined for each rat varied depending on the precise level at which sections of lung were taken. All available sectioned bronchi (approximately 100 per rat) were examined.
Results
The peribronchial lymphocyte index (PLI) was calculated for each age group (Fig. 1 ). This gave an indication of the general pattern of development of lymphoid involvement in the lung from birth to adult.
BAL T was not found in the lungs of neonates during their first 7 days. The PLI increased at a rapid rate between days 7 and 28, i.e. over the 2nd, 3rd and 4th weeks of life, reaching the final level of about 0·85 marginally sooner in conventional rather than SPF animals. These values were then maintained for both groups at a more or less constant level up to at least the age of 6 months, with a slight increase observed for the SPF group at 56 days of age.
Although the PLI values are comparable at each stage, statistical analysis (F test) of the data indicated that there were significant differences between conven- and looser connective tissue develops in the vicinity of the bronchi and major blood vessels, inflammatory and lymphoid cells, as well as tissue macrophages, are enabled to move into the interstitium.
Postnatal day 1. The alveolar septae were comparatively thick and surrounded small sacculae. Vascularization was well developed in all parts of the lungs examined. No tissue lymphocytes were seen in any of the lung sections (Fig. 2) . With f1uorescentantibody staining occasional immunoglobulincontaining cells were seen within pulmonary blood vessels. Immunoglobulin was not seen in bronchial epithelial cells or the overlying secretions. Electron microscopy showed the lamina propria to be thin and the smooth muscle to be close to the bronchial epithelium ( Fig. 3 ).
Postnatal day 3. A saccular structure was still predominant and adult type alveoli were not yet formed. There was no evidence of infiltration of bronchial walls or connective tissues by lymphoid cells and the epithelium was compact and intact ( Fig. 4) . As at I day of age, fluorescent antibody staining revealed occasional immunoglobulin-containing cells within pulmonary blood vessels and lymph vessels, but none in the subepithelial tissues.
Postnatal day 6. The sacculae showed early development of secondary septae and differentiation into alveoli. The structure of the bronchi was normal, with the presence of adult epithelial cell types. The bronchi were surrounded by loose connective tissue in which very occasional, isolated lymphoid cells could be seen. Minimal immunoglobulin was detectable by fluorescent-antibody techniques in occasional subepithelial cells (probably lymphoid cells) and at the luminal borders of a small number of epithelial cells. Electron microscopy showed fibroblastic activity beneath the smooth-muscle layer, forming a loose bed of connective tissue (Fig. 5 ).
Postnatal day 9. Only conventional rats were examined at this stage. The alveoli were still only partially Fig. 5 . Subepithelial fibroblasts in the bronchial wall on day 6.
Line represents 0·1 ,urn. formed and were at the stage of secondary septal differentiation. Sacculae were still evident. Occasional small aggregations of lymphoid cells could be seen near to the points of division of large bronchioles but lying beneath the muscle coat (Fig. 6 ). The overlying epithelium was not distinguished in any way from that in other regions. These aggregations generally lay adjacent to a developing alveolus on one side and had no limiting capsule.
Other, very infrequent, lymphocytes could be seen in the lamina propria and the submucosa, but no other aggregations were seen. A slight increase in the number of epithelial cells containing immunoglobulin was seen compared to younger rats. Occasional immunoglobulin-positive cells were seen in a single lymphoid focus in a section; they could not, however, be positively identified as to cell type.
Postnatal day 12. A small localized group of lymphocytes was seen in the connective tissue beneath Gregson, Davey & Prentice the bronchial muscularis of a conventional group rat. Evidence was seen of a single lymphocyte attempting to pass between the smooth muscle cells into the lamina propria.
Postnatal day 14. In most bronchi examined, very occasional 'lymphoid' cells could be identified in the subepithelium. In occasional bronchi, small numbers of lymphocytes could be seen aggregating in the loose connective tissues between the bronchial wall and the alveoli, and generally in the vicinity of blood vessels. The muscle layer was seen to be in close contact with the epithelium and there was no evidence of penetration of the muscle layer by lymphoid cells. Dilated, but empty, lymphatics could be seen adjacent to some aggregations. Fluorescent-antibody staining showed moderate amounts of immunoglobulin in epithelial cells and in scattered subepithelial cells. Electron microscopy indicated that the smooth-muscle layer was still in moderately close contact with the basement membrane of the bronchial epithelium (Fig.  7) , and that the lamina propria was still undeveloped. Connective tissue was well developed beneath the muscle layer. Fig. 7 . Bronchial epithelium and muscularis on day 14. E epithelium.
M smooth muscle. C cilia. Line represents O·2 pm. Postnatal day 21. At this stage in conventional rats, several small and medium sized BALT follicles were seen. The lymphoid cells appeared to be closely packed and adjacent to dilated lymphatic vessels. The overlying epithelium was predominantly normal, but seen to be infiltrated by occasional lymphocytes. Several sub-epithelial lymphoid aggregations, similar to those seen at day 14, were seen beneath the bronchial muscle layers and generally adjacent to blood vessels. The bronchial epithelium not associated with BALT was ciliated but lacked the definite and typical adult columnar character, goblet cells were extremely rare. Fluorescent-antibody staining revealed immunoglobulin in epithelial cells and in the thin overlying secretory layer. Occasional immunoglobulin-positive cells were seen in a single BAL T follicle, but could not be definitely identified as lymphocytes. Electron microscopy of BAL T follicles showed that the lymphocytes were loosely distributed in a connective-tissue bed below the smooth-muscle layer, but showed a slightly greater cell density in the region of lymphatic vessels (Fig. 8) . A small 'island' of epithelium overlying a proto-BALT follicle showed cell flattening and loss of cilia ( Fig. 9 ). There was no evidence of lymphoepithelium developing, however, as all lymphocytes were excluded from the epithelium and lamina propria by the smooth-muscle layer.
Postnatal day 28. In the SPF group, moderately large BALT follicles were seen but the overlying epithelium was predominantly 'normal', with only local islands of putative Iymphoepithelium; the alveolar pattern in the lungs was essentially adult in form at this stage. In the conventional rat group, occasional large bronchi showed moderate-sized B'ALT with a generally intact sub-epithelial muscle layer only infrequently broached by lymphoid cells. Small islands of lymphoepithelium could be seen, but these never entirely covered BAL T Postnatal day 42. Large BALT were seen in the main bronchi of conventional rats, some with an overlying Iymphoepithelium.
Very few breaks were seen in the smooth muscle layer and lymphocytes could be found both above and below it. In larger BAL T the lymphoepithelium and immediately adjacent tissue were moderately infiltrated by lymphocytes. The lymphatic vessels in the larger HALT showed moderate distension and contained many lymphocytes. Some large bronchi had no fully-developed HALT, but several subepithelial lymphocyte foci could be seen, often associated with distended lymphatic vessels. As at previous stages, limiting capsules to BALT could only be seen at sites of bronchial bifurcation. The normal bronchial epithelium was ciliated columnar (adult) in form and goblet cells were sparse. Immunoglobulin distribution in fluorescent-antibody stained sections was identical to that reported at day 28.
Postnatal day 56. Lung morphology of SPF rats showed adult characteristics. Scattered moderate-sized BAL T follicles were present, but again the lymphoepithelium was not well developed. The number and size of the 'islands' of lymphoepithelium were generally not as well developed as in conventional rats at age 42 days and, in general, the subepithelial muscle layer seemed to possess a greater degree of integrity. Immunoglobulin distribution in fluorescent-antibody stained sections was the same as that reported at day 28.
Adult (6 months old) . The typical adult pattern of BALT distribution was seen to consist of subepithelial aggregations of lymphocytes, varying in size from 20-50 cells to several hundred. Overlying the larger aggregations, a modified epithelium comprising low unciliated cells and loosely infiltrated by lymphocytes (Iymphoepithelium) was often encountered. This Iymphoepithelium was more commonly seen overlying BAL T in conventional than in SPF rats. In the majority of cases, lymphocytes were present in the lamina propria even when a lymphoepithelium was not seen (Fig. 10) . 
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Discussion
The generally accepted mode of development of mammalian lymphoid tissue can be briefly summarised as the migration of stem-cells from haemopoietic tissues to the central lymphoid organs (thymus and bursa-equivalent) during early foetal life, where differentiation into T and B lymphocytes occurs. After maturation the T and B cells populate the peripheral lymphoid tissues.
The gut-associated lymphoid tissues (GALT) or Peyer's patches have often been regarded as analogous to BALT (Bienenstock et al., I973a, b) . It appears that during foetal development B-cells infiltrate beneath dense areas of epithelium to form primitive GALT follicles which are added to by T-cells after birth (Cooper, Kincade, Bockman & Lawton, 1974) . Following birth there is a marked increase in follicle development, probably as a result of contact with various antigens (Milne et al., 1975) . Considering the apparent similarities of function between BAL T and GALT and other similar positions within mucosal tissues, it does not seem unreasonable to assume that ontogenically they will be very similar.
As has been shown in the data presented above, the pattern of development of BALT in the rat appears to follow that illustrated in fig. 1J . Soon after birth occasional lymphocytes can be seen within the connective tissue beneath the bronchial muscularis. These cells increase in number to form small loose aggregations of lymphoid cells. Between the 2nd and 4th weeks of life occasional lymphoid cells begin to pass between the smooth-muscle cells of the bronchial muscularis and can be seen within the lamina propria. Soon after this occasional lymphoid cells are present within the bronchial epithelium. Up to this point development in SPF and conventional rats seems to be parallel, but then development of a lymphoepithelium appears to be hastened by exposure to an atmosphere in which antigens are prevalent. Whilst the environment of the SPF rat is not antigen-free, it is considerably 'cleaner' than the conventional animal house. It is not unreasonable to infer that it is because of this environmental difference that the development of a Iymphoepithelium occurs sooner in conventional than in SPF rats.
Despite this, it was interesting to note that lymphoepithelium per se was not ubiquitous and that even in adult SPF and conventional rats several BALT follicles could be found covered only by a normal broncial epithelium, much as described by JefTery & Reid (1975) . However, lymphoid cells were always present in the lamina propria, which contrasts with the observation of Bienenstock et al. (l973b) that lymphoepithelium was a necessary adjunct to HALT. One must assume that the differences lie in the degree of antigenic exposure and to interspecies or interstrain differences. Fournier, Vai, Devenne & Pariente (1977) tried to distinguish between lymphoepithelial nodules and lymphoid cell 'clusters', but the results presented above lead to the conclusion that these structures are merely dilTerent developmental stages of the same entity (BALT), and that subclassifications of BAL Tare perhaps unnecessary complications.
Fluorescent-antibody stained preparations revealed the presence of immunoglobulin within the pulmonary circulation at a very early stage and the presence of immunoglobulin in occasional cells of the lamina propria and bronchial epithelium only a few days after birth. At no stage could immunoglobulin be detected in BALT, although it was seen in adjacent tissues and in overlying epithelium (presumably secretory IgA) and bronchial secretions. This supports the view of Beinenstock et al. (1973a, b) that BALT cells do not produce immunoglobulin. However, the animals in this study were young and had not been exposed to high antigen-pathogen loads as, for example, an older wild rat might be. Even the antigenic challenge given by Bienenstock et 'al. (197 3b) to rabbits was terminated after only a very short period, and it may be that
